which to combat ND. In developing countries like Pakistan, these policies are not strictly applied. Temperature directly affects the potency of vaccines. The required cold chain storage for this system could not be effectively maintained due to interruption in electrical supply. Thermolabile vaccines produced lesser shelters the birds against challenge of ND virus infection [3] . Thermostable ND vaccines can be produced by using 2 different adaptations methods including 1) utilization of 8-to 9-day-old embryonated chicken eggs, and 2) through cellculture methods [4] . Embryonated eggs also have some disadvantages such as a high cost of production, including greater manpower requirements [4] . Therefore, we used cell-culture systems for vaccine production as an easier, convenient, and less expensive way in comparison to egg inoculation.
Cell lines including MKC, CEF, BGM-70 [5] , BHK-21, and Vero cells [6] are used for vaccine production. In Pakistan, ND is endemic and denotes major risk to poultry industry in terms of morbidity and mortality. During the last 5 years, 80 million bird deaths have been reported in poultry industry of Pakistan [7] . Based on these concerns, Vero cells were used for the first time for effective vaccine production in this project. It may be regarded as the first broad-scale attempt for Vero cell adaptation of thermostable ND I-2 virus strain and fusion protein sequencing for the preparation and evaluation of Verocell modified vaccine on a commercial scale in Pakistan.
MATERIALS AND METHODS

Procurement of Thermostable Strain of NDV
NDV I-2 strain is an Australian origin virus. It is grown in 8 to 9 d embryonated eggs. We procured of this strain from Centers of Advance Studies in Vaccinology and Biotechnology, University of Baluchistan, Pakistan while the challenge velogenic local NDV isolate was obtained through the courtesy of National Agricultural Research Centre (NARC), Islamabad, Pakistan [9] .
Vero Cell Line and Media
African green monkey kidney (Vero cell line) was imported from Center for Applied Microbiology and Research (CAMR) in a frozen ampoule (Catalogue no. ATCC CCL81 fibroblastlike morphology). Glasgow minimum essential medium (GMEM) supplemented with trypsin and fetal calf serum (3 to 5%) was used. Dulbecco's phosphate buffered saline (PBS) was used for monolayer washings, and trypsin-EDTA (0.25%) solutions were utilized for cell revival and sub-culturing.
Adaptation of I-2 NDV on Vero Cell Line
Cells were cultured in 25 cm 2 flasks and incubated at 37
• C in 5% CO 2 incubator. Thermostable I-2 ND (0.25 mL) virus was infected with healthy and semi confluent monolayer of Vero cells by using 0.25 μm pore size filters (Whatman Int. Ltd., England). The culture media was changed by maintenance medium system. Infected flasks were incubated at 37
• C in the presence of 5% CO 2 (Sanyo, Japan). Cell monolayer of infected flasks was examined twice per day under inverted microscope for cytopathic effects (CPE) [6] . After each passage of virus, heat stability was tested by incubating at 56
• C for 10, 20, 30 and 40 min. The trends in decline in EID 50 and HA titers were monitored [8] .
Molecular Detection of Cell Culture Adapted NDV I-2 Strain
GF-1 Two-step RT-PCR kit (Vivantis Technologies, Malaysia) and Fermentas Revert aid strand cDNA Kit was used for RNA extraction and cDNA synthesis respectively. GeneFisher primer design software was utilized for designing the specific fusion protein gene primer [10] . The primer sequences and location were as follows: NDV-F (sense), 482959-GGTGAGTCTATCCGGARGATACAAG-394893; NDV-R (anti-sense), 5303159-TCATTGGTTGCRGCAATGCTCT-395008. These primers amplified fusion protein cleavage sites. Dream taq PCR mixer (Thermo Scientific, Waltham, MA) used for PCR reactions. Purification of PCR product was carried out by using Wizard SV Gel and PCR Clean-Up System kit.
Preparation of Vaccine
The culture supernatant after passage 13 was collected by 3 freeze-thaw cycles, clarified by centrifugation at 5,000 g for 5 min. Furthermore, it was passed through a filter having 0.20 μm pore size. The vaccine was applied in the drinking water. Vaccine sterility was confirmed by culturing it on bacterial and fungal media, including nutrient agar, MacConkey agar, thioglycolate agar, blood agar, Frey's modified medium, and on Sabouraud's agar for the presence of any contaminants. Briefly, 0.1 mL of supernatant fluid was poured in petri plates containing above mentioned microbiological defined media. These plates were incubated at 37
• C temperature for 18 to 24 h. After incubation, we observed the growth of microorganisms in media. The Vero cell adapted thermostable ND vaccine was titrated by plaque assay and tissue culture infective dose 50 (TCID 50 ). This adapted passage 13 virus was studied as a live Vero cell-adapted NDV I-2 vaccine.
Ethical Statement
The experiment was conducted under the regulations stipulated by the Institutional Biosafety and Bioethics Committee of the University of Agriculture, Pakistan.
Immunogenic Evaluation of Vaccine
Three hundred day-old broiler chicks were purchased from commercial hatchery and reared in the animal house of the Institute of Microbiology, University of Agriculture Faisalabad. They were kept under standard management conditions in the animal house. The birds were offered drinking water pump systems and feeds ad libitum. No vaccination was carried out except the aforementioned experimental vaccination. Before the vaccine administration, water was withheld from the birds for approximately 8 to 10 h overnight. The 300 birds were divided into 3 groups (G1, G2 and G3) hundred birds in each. Group 1 was vaccinated with lyophilized live cell culture-adapted I-2 NDV vaccine and Group 2 was immunized with commercially available ND LaSota vaccine (Intervac Pvt. Ltd) as a positive control. The group 3 (G3) was kept as a negative control (phosphate buffer saline) in the complete experimental design. Birds were housed separately. A single vaccine dose (vial contains 10 6 concentration of virus per birds) was given to the birds in Group 1 and 2. Spleen samples (5/time point) were collected at 0, 3, 6, 9, 12, 15 and 18 d after post vaccinations for migration inhibition assay. Serum samples (5/time point) were collected and anti-NDV enzyme-linked immunosorbent assay (NDV ELISA Kit, IDEXX Laboratories, Westbrook, ME) was performed when the birds were 0, 7, 14, 21, 28, and 35 d of age.
Challenge
At d 28 post-vaccination, 50% of the remaining birds in each group were challenged with 2 mL (10 3.5 EID 50 /dose) of local velogenic NDV strain orally in drinking water method. Clinical signs and mortality were observed twice daily up to 5 d post inoculation. Protection rate percentage was calculated based on mortality rate percentage as has been determined by [1] .
Statistical Analysis
Data were analyzed by calculating geometric mean titers (GMTs), mean ± SD and through one-way analysis of variance (ANOVA) followed by Tukey's test by using SPSS software.
RESULTS AND DISCUSSION
The present study was designed for adaptation of I-2 NDV strain on Vero cell line, molecular confirmation together with preparation of vaccine and its evaluation against challenge infections in broiler birds. For this purpose, optimum production of Vero cell line is derived from adult African green monkey kidney cells. Fibroblast like confluent monolayer of Vero cells was established (Figure 1a ) after 72 h of growth in GMEM growth medium supplemented with trypsin. Trypsin is pre-requisite for the production of CPE. In I-2 NDV did not develop CPE on Vero cells during first 10 passages. It may be due to adjustment of virus on Vero cells [11] . During passage 11, few alterations in Vero cell monolayer had established after 24 h of resulting infection (Figure 1b) .
Consistent and clear CPE were observed during passage 12. At passage 12, after 8 h of infection, cells gradually started to change in shape to produce CPE. CPE was categorized by granularity in cytoplasm, clustering of infected cells to develop syncytial (Figure 1c cell lines has been reported by Mohan et al. [5] whereas the overall mechanism of induction of CPE has not yet been illuminated. Similar changes like cell rounding, detachment from the surface, cytoplasm vacuolation, and membrane blebbing have also been reported in ND-infected cells [13] . The NDV I-2 strain is a thermostable for both infectivity and hemagglutination activity [15] . In the current research, it was observed that NDV I-2 strain had retained thermostable ability of both infectivity and hemagglutination activity after 13 passages on Vero cell line at 56
• C for up to 40 min indicated in Table 1 . Thus, from these results, it is proposed that NDV I-2 strain was successfully adapted without loss of its heat resistant nature. Biological assay for titration of NDV I-2 strain showed maximum titers 10 8 TCID 50 /mL after 24 h of incubation, when grown in chicken embryo kidney cells [14] . In the present study, passage 13 resulted in 10 9 TCID 50 /mL titer was observed. In this study, results indicated that passage 13 of Vero cell culture (10 9 times diluted) adapted NDV I-2 possess the ability to produce CPE. In other recent studies, when NDV propagated in DF-1 cell line, 10 7 TCID 50 /mL titer has been observed, [12] . Yousaf et al. [16] reported that HN gene may be responsible for thermostability of I-2 strain. but later on Kattenbelt et al. [17] showed that HN gene was not responsible for the thermostability. Uthrakumar et al. [18] described the molecular detection of NDV strain by using hemagglutininneuraminidase and L gene sequence after growing in 9-day-old embryonated SPF eggs. In ND virus, 2 proteins, hemagglutinin-neuraminidase and fusion protein, were used for detection of virulence. But in the present study, only fusion protein cleavage site has been used for detection of avirulent I-2 strains. The pathogenesis of NDV mainly depends upon the sequence of Legend: HA: Geometric mean hemagglutinin titers (log 2 ); EID 50 : Geometric mean titers of embryo infectious dose 50% (log 10 /mL).
amino acids at cleavage site of the fusion protein.
Therefore, detection of fusion protein cleavage site is the key determinant of NDV virulence. Passage 13 was subjected to molecular detection through 2-step RT-PCR reaction in which the I-2 strain produced a 204-bp product on amplification by the use of exact degenerate fusion protein primers as shown in Figure 2 .
The passage 13 NDV I-2 virus was assessed as live cell culture-adapted vaccine. Sterility test including detection of bacterial and fungal growth on nutrient agar, MacConkey agar, thioglycolate agar, blood agar, Frey's modified medium and on Sabouraud's agar showed negative results. Recently, NDV I-2 vaccine was verified to be free from any bacterial as well as fungal contamination by cultivation on different bacterial and fungal media [19, 20] .
Antigen specific cells (cytotoxic T lymphocytes and cytokine releasing T helper lymphocyte) and nonspecific cells (NK) play an immune-modulatory effect in the controlling of NDV [21] . Cell mediated immune response is the first immunological response which can be established after administration of ND vaccines [22] . Percentage inhibition migration estimation is the base for the detection of cellular immune response which may represent the early protection of birds in the absence of immunoglobulin as has been discussed by [23] . In splenic cell migration test, sensitized lymphocytes released macrophage inhibition factors and leukocyte inhibition factor, which have the ability for preventing the movement of macrophages and leukocytes respectively [23, 24] . The outcomes of present study represent (Figure 3 ) that in group A, thermostable vaccine producing % inhibition migration at d 3 (40%) and reached maximum level at d 6 (50%) as gradually decreased at d 9, 12, 15 and 18, i.e., 38%, 26%, 14%, 13% respectively. In group B, commercially thermolabile LaSota ND vaccine shown % migration inhibition at d 3, 6, 9, 12, 15, 18 i.e. 32%, 43%, 34%, 19%, 10%, and 12% respectively. The % migration inhibition was less than 15% in control group throughout the experiment. The % migration inhibition with ND I-2 antigen in group 1 was significantly higher as compared to Group 2 LaSota ND vaccine. The % migration of sensitized lymphocytes particularly T cells more with I-2 ND antigen; it may be due to these cells being re-sensitized with this antigen in vitro. These cells secrete cytokines, such as IL-1, IL-2, and IL-4, and macrophage inhibition factors that inhibited the migration of splenic cells. These findings are an agreement with those of previous published data [4, 24, 25] .
The worth of any vaccine is represented principally by calculating the antibody titers Figure 4 . All 2 means (NDVI-2 and NDV LaSota) are significantly different from one another except at d 0. In group A, optimum ELISA mean antibody titers Log 2 was achieved at d 14, e.g., 6,812 as followed in group B, i.e., 4,520 respectively. The mean antibody titers Log 2 were significantly higher (P < 0.05) in A group as compared to B group. After challenge with vvNDV infection, results show that Vero cell adapted thermostable NDV I-2 protected all the birds in group A, i.e., 90% protection rate as compared with thermolabile NDV LaSota (Group B) with 60% protection achieved, as presented in Table 2 . In Group C (PBS), severe morbidity was observed and within 2 to 3 d, all birds died due to infection. Post-mortem results showed that congestion on trachea, inflamed lungs, hyperemic intestine, and congestion and hemorrhages on cecal tonsils and proventriculus. When I-2 live ND egg-adapted vaccine was compared with LaSota ND vaccine, administered to local chickens through different routes, both of them provided protection to chickens against challenge infection [26] . In our research, commercially available LaSota vaccine provided 60% protection as compared to our thermostable I-2 ND vaccine with much greater level of protection. In developing countries like Pakistan, many factors, including high ambient temperatures, unreliable electrical supply during vaccine distribution, and lack of cold storage systems are the main causes for the frequent failure of commercially available thermolabile vaccines [3] .
With regard of the administration of vaccines, drinking water method is easier but it provokes lower immunity levels [27] . However, in our study, drinking water method provided 90% protection against challenge. Nega et al. [28] have proven in their experiments that I-2 vaccinal strain produced higher antibody titers as compared to conventional vaccines. Abdu et al. [29] reported that water was the best vehicle used for the administration of LaSota and V-4 vaccines, and both of them provide up to 80% protection to challenge infection. Thermostable vaccines such as V4 and I-2 were confirmed to be thermostable, safe, administered through a variety of vehicles including water, food etc., and provided protective immunity against challenge infections [30] . During the research it has been determined that antibodies against the Vero cell-adapted, thermostable NDV I-2 vaccine protected 90% of the birds against challenge with vvND virus to compare with commercially available LaSota vaccine, which was less effective. Based on these outcomes, it was concluded that the live Vero cell-adapted vaccine was avirulent, more effective, successful, thermostable, and highly immunogenic as compared with other currently commercially available live thermolabile ND vaccines.
CONCLUSIONS AND APPLICATIONS
1. This research article has emphasized the consumption of thermostable Newcastle disease vaccines to increase production and reduce cold storage costs. These vaccines would have decreased wastage of vaccine and increase shelf life of vaccine. 2. For control of NDV, commercial vaccines are usually thermolabile in nature and required cold storage system to maintain their shelf life. In developing countries like Pakistan, where electric supply is inconsistent, it provides a viable and effective alternative. 3. In the future, we hope that the thermostable NDV I-2 vaccine will find much greater use and application and will help to control Newcastle disease more effectively in Pakistan.
